The unr gene was identified as a transcription unit located immediately upstream of N-ras in the genome of several mammalian species. While this genetic organization could be important for the transcriptional regulation of unr and N-ras, the function of the protein product of unr is unknown, unr is ubiquitously expressed and codes for an 85 kDa protein which is not closely related to previously characterized proteins. Nevertheless, a search for protein motifs has indicated the presence of five 'cold shock domains' within unr, a motif present in procaryotic cold shock proteins and in the vertebrate Y box factors. As these proteins have been reported to interact with nucleic acids, we investigated whether unr could bind to some classes of nucleic acids. We report here that unr has a high affinity for single-stranded DNA or RNA and a low affinity for double-stranded nucleic acids. Its low affinity for double-stranded DNA clearly distinguishes unr from the Y box factors. The binding of unr to RNA does not appear to depend upon extended sequence motifs but requires some level of sequence complexity as unr has only a low affinity for most simple polymers including polyA stretches, unr is also characterized by its low affinity for double-stranded and structured RNAs. We further determined that unr is mostly localized in the cytoplasm, and is in part associated with the endoplasmic reticulum. These studies indicate that unr is a novel single-stranded nucleic acid binding protein which is likely to be associated with cytoplasmic mRNA in vivo.
INTRODUCTION
The unr gene (upstream of N-ras) was identified as a transcription unit located immediately upstream of the N-ras gene in the genome of several mammalian species: guinea pig (1) , rat <2) , mouse and human' 3 '. Three messages, which share the same coding capacity, are generated by the unr gene' 2 " 4 '. The longest of these RNA is polyadenylated at a site which, along the genome, is distant from the N-ras transcription initiation sites by 150 nucleotides. This very short intergenic distance and the ubiquitous expression of both genes raise the possibility that the transcription of unr and N-ras depends not only upon their respective promoters* 5 " 7 ' but is also influenced by this genetic organization. Specifically, both transcriptional interference (i. e. a partial occlusion of the N-ras promoter by the transcription of unr) and coregulation (through the sharing of regulatory elements whithin a transcriptional domain) could take place within this gene tandem.
Two protein products of 798 and 767 aminoacids are predicted to be generated by the unr gene because of an alternative splicing of exon 5 (4) . Initial sequence analysis indicated that these proteins were not directly related to any other protein contained in data banks' 2 ' 3) . However, by searching for more distant relationships, Doniger et al. have concluded to the presence of five 'cold shock domains' in the unr proteins (8) . The cold shock domain was initially described in a set of human DNA binding proteins, the Y box factors, as a 70 aminoacid long domain which presents a 40% homology with the procaryotic cold shock proteins' 9 '. An alignment between the Xenopus Y box factor mRNP4, the CspB and CS 7.4 cold shock proteins of B.subtilis and E.coli, respectively, and the five domains of unr indicates that only seven aminoacids are absolutely conserved among these eight sequences' 8 '. Pairwise comparisons reveals that the cold shock domains of unr are about as distantly related to the procaryotic cold shock proteins as to the cold shock domain of mRNP4 (30% identity with each).
The procaryotic cold shock proteins are the major proteins synthesized during the adaptation of bacteria to a lowering of the temperature. The three dimensional structure of B.subtilis CspB has recently been reported as well as its ability to interact with single-stranded nucleic acids' 10 ' "'. Disruption of the CspB gene leads to a reduced viability of B.subtilis at freezing *To whom correspondence should be addressed temperature (12) . However, the mechanism by which the cold shock proteins contribute to cold adaptation is still unclear and multiple biological activities have been proposed ranging from an antifreeze function to transcriptional and/or translational control^1 3 " 15 '. In higher eucaryotes, and apart from unr, the cold shock domain has been found in the products of a family of genes which have been isolated from the genome of Xenopus (16) , chicken (17) , rat (18) , mouse (19 > and man (20~22) . Most of these proteins have been identified during the search for transcription factors which could bind to the Y box (5' CCAATCAG 3'), a sequence motif present on the 'non coding' strand in the promoter region of several genes including the class I and n histocompatibility antigens, hence the designation of Y box factors. However, further studies have indicated that the Y box factors can bind to a repertoire of double-stranded oligonucleotides, a frequent feature of these being a purine/pyrimidine asymmetry between strands (17 ' 22~24 ). Moreover, the Y box factors can also bind to a repertoire of single-stranded oligonucleotides, which in most cases correspond to the pyrimidine rich strand of the doublestranded binding sites (17 ' 22 -24) . Thus, the existence of several binding sites as well as the ability to bind to both double-and single-stranded DNA distinguish the Y box factors from classical transcription factors and has led to the proposal that they could stabilize H DNA structures in the promoter region of some genes' 22 31) , indicating that some Y box factors are involved in the metabolism of mRNA in vivo. UV cross linking experiments have indicated that mRNP4 does contact the RNA in the storage particles (32) and in vitro binding studies have established that mRNP4 binds RNA molecules with little sequence specificity. Nevertheless, competition studies showed that mixed poly pyrimidine oligomers (poly U,C) are the most efficient competitors suggesting a preference for polypyrimidine rich sequences, a result reminiscent of what has been observed in the DNA binding studies (32) .
The observation that all of the previously characterized proteins, which contain a cold shock domain, bind to nucleic acids supports the hypothesis, initially put forward by Wistow* 9 ', that the cold shock domain is a structural motif involved in proteinnucleic acid interactions. Moreover, the cold shock domain presents a local similarity to the RNP1 box of the RNA recognition motif (RRM) (33) , a 70 aminoacid domain which is present in many RNA binding proteins* 34 ). The recent X-ray analysis of the CspB protein (10) revealed that, despite their very low level of sequence similarity and their different general organization, the cold shock domain and the RRM have very similar 3-dimensional structures, suggesting that the cold shock domain could be functionally related to the RRM. Thus, there are converging indications that the cold shock domain consitutes a nucleic acid binding motif. However, at this time, little is known on its binding specificity since no detailed binding study has been performed with the procaryotic cold shock proteins and the Y box factors contain, in addition to the cold shock domain, blocks of charged aminoacids which also contribute to the interaction with nucleic acids' 22 '.
In the present study we have investigated whether the unr protein with its five cold shock domains could interact with nucleic acids. In vitro binding experiments were carried out with the full length unr protein expressed in E.coli and immunological techniques were used to determined the subcellular localization of unr. These studies indicate that unr interacts specifically with single-stranded nucleic acids and is cytoplasmic, suggesting that unr is a novel cytoplasmic mRNA binding protein.
MATERIALS AND METHODS Plasmids
An expression vector coding for a full length unr protein was obtained by inserting the coding region of the human unr gene as an Ncol-Bcll fragment into the Ncol and BamHI sites of the plasmid pET-lld (Novagen, Madison, Wisconsin U. S. A.). This was achieved by ligating a Kpnl-Bcll fragment derived from a unr cDNA (3) to a Ncol-Kpnl double-stranded oligonucleotide which recreated the N terminus of the protein so that the ATG embedded within the Ncol site could be used as the translation initiation codon. pBH2 contains a 597 bp XhoH-NruI fragment isolated from the promoter of the mouse H-2K b gene (37) and cloned as a blunt ended fragment into the Smal site of the plasmid bluescript (Stratagene, La Jolla, California U. S. A.). Clone 21 contains a partial unr cDNA composed of the last 456 nucleotides of the 3' non coding region of the longest human unr cDNA (3) and a stretch of 60 A residues, inserted as an EcoRI fragment into the EcoRI site of the bluescript plasmid.
unr expression in E.coli E.coli BL 21 (DE3) cells, obtained from Novagen, were grown in LB medium containing 50 ^g/ml ampicillin and 25 mM glucose. Induction of the T7 RNA polymerase gene was achieved by adding Isopropyl-/3-D-thiogalactopyranoside at a final concentration of lmM when cultures had reached an optical density of 0.6 at 600 nm. Three hours after induction, cells were collected by centrifugation, lysed in Laemli's buffer and sonicated (3 times 20 s). After clarification by a centrifugation at 10 000 g, the lysate was boiled and electrophoresed through a 7.5 % SDSpolyacrylamide gel. After staining of the gel for 10 min with 250 mM ice cold KC1, the part of the gel containing the unr band was excised and frozen. Elution was carried out in 2 volumes of elution buffer (9 M urea, 20 mM Tris-HCl pH 8.0, 0.7 M j8-mercaptoethanol) for 10 min at 37° and an overnight incubation at 20°. After concentration by acetone precipitation, the dried protein pellet was disolved in 100 y.\ of elution buffer and repeatedly dialysed against the renaturation buffer (50 mM sodium phosphate buffer pH 7.2, lmM DTT, 5 mM EDTA, 5mM EGTA).
Filter binding assay and Southwestern analysis
End labelled DNA substrates with a specific activity of 10 6 cpm//ig were prepared by filling the Xhol site of the plasmids bluescript (pBT) or pBH2 with the Klenow DNA polymerase and 32 P dCTP. Uniformly labelled RNA substrates with a specific activity of 2xlO 7 cpm/mg were prepared by run-off transcription of the linearized plasmids with the appropriate RNA polymerases. For the filter binding assay, hybridizations were carried out for 15 min at 30°C in 100 /*1 of incubation buffer (20 mM sodium phosphate buffer pH 7.4, 1 mM DTT, 20 /ig/ml bovine serum albumin) with either 5 ng of DNA or 1.5 ng of RNA in the presence of 5 units of RNAguard (Pharmacia, St. Quentin, France) and the indicated concentration of protein. The hybridization mixture was then rapidly filtered on nitrocellulose (0.45 /im pore size, Millipore, St. Quentin, France) and, following two washes with 5 ml each with ice cold sodium phosphate buffer (20 mM, pH 7.4), the amount of radioactivity on the filter determined by scintillation counting. Affinity constants were derived by plotting the fraction of complexed nucleic acid as a function of protein concentration* 35 '. Each value is the mean of at least three independent experiments. In competition experiments, the protein was first incubated for 10 min at 20°C in the presence of the indicated amount of competitor before the addition of the labelled RNA probe and the completion of the assay as described. The ED 50 was defined as the amount of competitor yielding a 50% reduction in the retention of the labelled probe.
For Southwestern analysis, proteins were electrophoresed on an SDS-polyacrylamide gel and transferred onto nitrocellulose filters by electroblotting (0.8 mA per cm 2 for 2 hours) in 48 mM Tris base, 39 mM glycine, 0.037 % SDS, 20% methanol. Non specific binding sites were blocked by incubating the filter for 1 hour in binding buffer (50 mM NaCl, 20 mM Tris-HCl pH 7.0, 5 mM EDTA, lmM DTT) containing 5% nonfat dry milk. Hybridization was carried out for 18 hours in 5 ml of binding buffer containing 5 X10 6 cpm of end labelled pBH 2 which had been heat denatured. Filters were then washed three times (2 min each) with 20 ml of binding buffer and exposed for autoradiography.
Immunological techniques
A polyclonal rabbit antiserum against the human unr protein was obtained by subcutaneous injection of 100 ng of E.coli expressed unr protein in complete Freund's adjuvant, followed by three booster injections. The presence of unr specific antibodies was monitored by Western blot analysis of E. coli lysates containing the unr protein and subsequent studies were performed with the serum of rabbit 23 which exhibited the highest efficency of detection in this assay.
For subcellular fractionation cytoplasmic and nuclear fractions were prepared by NP 40 lysis of the plasma membrane under standard conditions* 51 '. Microsomial and cytosolic fractions were then obtained by sonication and differential centrifugation of cells according to Kremers et alS 52 K For Western analysis, 10 6 cells were lyzed Laemmli's buffer, sonicated, incubated at 95 °C for 1 min and electrophoresed through a 7.5 % SDS polyacrylamide gel. Proteins were then electrotransferred onto a nitrocellulose filter which was blocked with 5% non fat dry milk in PBS for 1 hour. Incubation with a 1/1500 dilution of the unr antiserum was performed overnight at 37°C in PBS with 0.2% Tween 20. Following four whashes in PBS Tween 20, filters were incubated with 10 /tCi of 125 IproteinA (Amersham, France) at 20°C for 1.5 hour. After three washes, filters were exposed to X-ray films.
For immunofluorescence studies, MCF 7 cells were seeded at low density into LAB-TEK chambers (Nunc, France) 24 hours before fixation. Cells were washed twice with PBS and fixed for 30 min with methanol at -20°C. After washing with PBS, cells were treated with 50 mM NH 4 C1 in PBS for 10 min and permeabilised with 0.05% saponin in PBS for 15 min at 37°C. All the incubations with antibodies were then carried out in this solution. Detection of rabbit antibodies was achieved with FIT-C-conjugated goat antirabbit antibodies (Jackson Laboratories) at a 1/200 dilution. Cells were observed with the appropriate filters at a 600 fold magnification. Photographs were taken with a fixed exposure time.
RESULTS
unr expression in E.coli A human cDNA corresponding to the predominant form of unr messages (i. e. lacking exon 5, see (4) ) was introduced in a T7 expression vector. This construct was designed for the production of a full length unr protein without any additional aminoacid (see Materials and Methods). Upon induction of the T7 RNA polymerase gene, E. coli cells containing this construct expressed one major polypetide of about 85 kDa which was absent from cells containing the vector alone (Fig. 1 A) . This apparent molecular weight is in close agreement with the value of 85.7 kDa predicted from the cDNA sequence. We first evaluated the ability of unr to interact with nucleic acids by a 'Southwestern' analysis ( Fig. 1 B) . Lysates of induced E.coli cells were fractionated on a SDS polyacrylamide gel as in Fig. 1 A and transfered onto a nitrocellulose filter. Hybridization was performed with a single-stranded DNA probe obtained by heat denaturation of 32 P labelled pBH2 plasmid (see below). A strong signal can be observed at the position of the unr protein and is absent from cells containing the expression vector alone (Fig 1  B, lanes 2 and 1) . Therefore, the E.coli expressed unr protein is able to interact with single-stranded DNA as determined by 'Southwestern' analysis.
To further characterize the unr protein, we purified it from the E.coli lysate (see Materials and Methods) and Fig. 1 C presents a Coomassie blue staining of the corresponding unr fraction.
Analysis of the interactions of unr with DNA
To quantitate the interactions of unr with nucleic acids we used a filter binding assay. This approach relies on the observation that, at moderate ionic strength, the retention of nucleic acids on a nitrocellulose filter requires the presence of at least one protein molecule per nucleic acid molecule. Affinity constants can be derived from the fraction of nucleic acids retained on the filter as a function of protein concentration^5). These experiments were performed in parallel with unr, purified from E.coli as described, and with the protein mRNP4 purified from Xenopus oocytes (30) , and renatured as described (36) . We first investigated the interaction of unr and mRNP4 with the plasmid pBH2 which contains 600 bp of the promoter region of the murine H-2K b gene (37) , including the Y box, inserted in the bluescript vector. Fig. 2 A and B present the results of these experiments performed with double-or single-stranded pBH2 DNA, respectively. While the interactions of mRNP4 with double-and single-stranded pBH2 DNA were comparable, unr exhibited a marked preference for single-stranded DNA in this assay. This lower affinity of unr for double-stranded DNA was confirmed by extending the range of protein concentration up to 100 nM (data not shown). These assays were performed in an incubation buffer which contained 30 mM sodium and no magnesium. Increasing the concentration of sodium ions (up to 100 mM) or varying the pH (between 6 and 8) changed the results of these experiments by less than 30% and did not increase the affinity of unr for double-stranded DNA. However, adding magnesium ions to the incubation buffer markedly reduced the interaction of unr with nucleic acids (see below).
The affinity constants that can be derived from the data of Fig.  2 are presented in Table 1 . They refer to the interaction of unr and mRNP4 with the whole 3.6 kb substrate and therefore could correspond to the presence of several binding sites. However, in this assay, it is the first protein molecule to be bound which plays a critical role for the retention on the filter. Consequently, the affinity constants presented in Table 1 reflect the sites of highest affinity present on these molecules. As is apparent in Fig.  2 , these affinity constants are in the 10 9 M" 1 range except for the interaction of unr with double-stranded DNA. As our substrate contained a Y box sequence, a known binding site for the Y box factors, we investigated whether these high affinities for the DNA of pBH2 were due to the presence of this Y box. To this end, we performed a similar analysis of the interaction of unr and mRNP4 with the procaryotic backbone of pBH2, the plasmid bluescript (pBT). The corresponding affinity constants are presented in Table 1 and they indicate that, despite the absence of a Y box, high affinity binding sites are present within the bluescript sequence.
Analysis of unr interaction with RNA
To investigate the interaction of unr and mRNP4 with RNA we used the filter binding assay with continuously labelled RNA molecules transcribed in vitro. We first analysed the binding of these proteins to a 'sense' transcription product of a partial cDNA clone (clone 21) which contains 476 nucleotides of 3' non coding region and a stretch of 60 adenylate residues. This substrate therefore represents a truncated version of a naturally occuring mRNA. The retention curves are presented in Fig. 2 C and affinity constants of 1X10 9 M" 1 and 3 x l 0 8 NT 1 can be derived for unr and mRNP4, respectively (Table 1) . Thus, unr and mRNP4 have comparable affinities for RNA and singlestranded DNA. To evaluate whether the high affinity of unr for the transcript of clone 21 required some specific feature of this RNA, two other substrates were transcribed from the same cDNA clone; the antisense transcript which contains a polyU stretch at its 5' end and a truncated version of clone 21 which lacks the poly A tail. Comparable affinities were observed for these three molecules (Table 1) indicating that neither the poly A tail nor a potential nucleotide bias associated with the transcribed strand were required for a binding affinity in the 10 9 M" 1 range.
To gain more information on the RNA binding specificity of unr, we measured the ability of simple polymers to compete for binding with the sense transcript of clone 21 (Fig. 3) . In this assay, a limiting concentration of unr (4 nM; see Fig. 2 C) was incubated in the presence of 1.5 ng of labelled clone 21 transcript and the indicated amount of competitor. As expected, the unlabelled clone 21 transcript efficiently competed with itself, Ing of competitor yielding a 50 % reduction in the retention. Of all the single-stranded polymers, poly A/G was by far the most efficient competitor with an ED 50 of about 3 ng. poly A competited poorly with an ED 50 of about 100 ng, directly confirming that the affinity of unr for the clone 21 transcript was not due to the poly A tail, poly C showed no effect even at 1 lig. Therefore, unr has a wide range of affinites for simple RNA substrates, indicating that it can discriminate between sequences. Nevertheless, its ability to bind with comparable affinites to the sense and and the antisense transcripts of clone 21, even in the presence of competitors (data not shown), illustrate the existence of a broad spectrum of binding sites.
During the optimization of the filter binding assay, we observed that the magnesium concentration significantly affected the results. We therefore investigated how magnesium influenced the interaction of unr and mRNP4 with single-stranded nucleic acids. Fig. 4 presents the results of filter binding assays performed with single-stranded DNA (A) or RNA (B) in the same buffer as before except that the concentration of magnesium was varied between 0 and 10 mM. The concentration of protein used (1.2 and 3 nM for unr and mRNP4, respectively) produced a half-maximal retention in the absence of magnesium and this level was defined as representing 100% efficiency of retention. As is generally observed, concentrations of magnesium of the order of 10 mM were inhibitory for the interaction of both unr and mRNP4 with either single-stranded DNA or RNA (32) . Low concentrations of magnesium had little effect on the interactions of mRNP4 with RNA and slightly stimulated its binding to DNA, as has been previously reported for YB-1< 24 >. In contrast, the interactions of unr with nucleic acids were sensitive to low concentrations of magnesium. This effect was particularly marked for RNA (Fig.  4B) as at 1 mM magnesium the level of RNA binding was reduced by 80 %. While magnesium could act on the conformation of either unr or the nucleic acid substrate (or both), the fact that this effect is more pronounced for RNA than for single-stranded DNA suggests that magnesium acts, at least in part, via an effect on RNA conformation. In the competition assay of Fig. 3 , doublestranded RNA and tRNA competed indeed very poorly for binding. We also observed a low affinity (K < 10 7 M" 1 ) of unr for the double-stranded RNA substrate generated by the hybridization of the sense and antisense transcripts of clone 21, despite its affinity for each strand.
Intracellular localization of unr
The unr protein, purified from E.coli, was used to immunize rabbits. Serum 23 which had the highest titer against the antigen was used in the subsequent experiments. In mammalian cells this serum detects by Western blot analysis one band of approximately 85 kDa. Among several cell lines the abundance of the unr protein observed by Western blot correlated with the previously observed accumulation of unr mRNA^3' 4) . In particular, the immunological detection was the strongest in MCF-7 cells. The intracellular localization of unr was first evaluated by cellular fractionation. (Fig. 5) . When a nuclear and a cytoplasmic fraction were prepared from MCF-7 cells by NP 40 lysis, the majority of the immunoreactive material was found in the cytoplasmic fraction (Fig. 5, lane 1) . This cytoplasmic localisation was further analyzed by mechanical homogeneization and differential centrifugation of MCF-7 cells (see Materials and Methods). Under these conditions the unr protein was found to partition about equally between the microsomial fraction and the soluble fraction but was absent form the plasma membrane and the mitochondria. These results therefore indicated that unr is mostly cytoplasmic and suggested that unr could be in part associated with some cellular organelles.
Immunofluorescence studies were performed in MCF 7 cells fixed in methanol. The pre-immune serum of rabbit 23 yielded a dull and finely granular fluorescence throughout the cytoplasm (Fig. 6A) . Serum 23 reproducibly gave stronger signals than its pre-immune counterpart, with a fluorescence particularly intense around the nucleus but which also extended all the way to the edge of the cells (Fig. 6B) . By confocal microscopy we confirmed that there was no or very little unr protein in the nucleus (data not shown). This intracellular distribution, in association with the results of the fractionation experiments was strongly suggestive of an association of part of unr with the endoplasmic reticulum. We used a polyclonal antibody generated against a highly purified preparation of the endoplasmic reticulum (38) to visualize its organization in MCF 7 cells (Fig. 6C) . The fluorescence was particularly strong around the nucleus with reticulate extensions within the cytoplasm which did not always reached the plasma membrane. Thus the distribution of unr that we observed by immunofluorescence appeared to be the result of an association of some of the protein with the endoplasmic reticulum the rest of it being present throughout the cytoplasm.
DISCUSSION
unr, the product of a gene tightly linked to N-ras in the genome of mammals, has been shown on the basis of sequence similarities to contain five cold shock domains (CSD), a protein motif of about 70 aminoacids involved in interactions with nucleic acids. Our results show that unr has a high affinity for single-stranded DNA and RNA (K = 10 9 M" 1 ) and a much lower affinity for double-stranded DNA and RNA (K< 10 7 M" 1 )-This strong preference of unr for single-stranded nucleic acids is in agreement with the functional and structural properties which have been recently reported for the B.subtilis cold shock protein by Schindelin et alS xa \ These authors failed to detect an interaction of this protein with double-stranded oligonucleotides and reached the conclusion that the 3-dimensional organization of the CSD was best suited for the interaction with single-stranded nucleic acids.
The Y box factors have been reported to interact with singleand double-stranded nucleic acids (reviewed in (39) ). In our studies, we have included the Xenopus mRNP4 as a representative of the Y box factors and we have determined that mRNP4 has affinities of the order of 3 X10
8 M" 1 for single-stranded DNA or RNA as well as double-stranded DNA. Therefore the Y box factors have a different spectrum of nucleic acid targets than both the procaryotic cold shock proteins and unr. This is probably due to the presence within the Y box proteins of other functional domains beside the CSD, but it is also possible that the CSDs present in different proteins have specific nucleic acid binding patterns. Thus, by its low affinity for double-stranded DNA unr differs in an essential way from the Y box factors.
As the interaction of unr with single-stranded DNA and RNA in vitro could correspond to very different functions in vivo, depending upon the nature of the substrate, we used a polyclonal antiserum to determine the subcellular localization of unr in cells in culture. Cell fractionation experiments as well as immunofluorescence studies indicate that the protein is mostly cytoplasmic. Further fractionation of the cytoplasm shows that the protein is partly soluble, partly associated with a membrane structure and excludes a mitochondrial localization. These observations and the high affinity of unr for RNA in vitro strongly suggest that unr could interact with cytoplasmic RNA in vivo.
Consequently, we further characterized the interaction of unr with RNA in vitro, by investigating its affinity for different RNA substrates. Most, but not all, of the simple RNA polymers we have tested compete poorly for binding with an mRNA substrate excluding that the affinities we have measured coud be due to non specific electrostatic interactions with the phosphate backbone of these molecules. These experiments also establish that unr does discriminate between substrates and in particular that it has a low affinity for polyA tails. Nevertheless, our study with the different transcription products of clone 21 indicates that an affinity of 10 9 M~' in vitro can be achieved with unrelated sequences suggesting it does not depend upon the presence of an extended sequence motif. At this stage we cannot however exclude that binding sites of much higher affinity could exist, a possibility which could only be addressed by systematic studies with random sequences. A low level of RNA sequence specificity has already been reported for mRNP4 based on its ability to interact with multiple mRNA substrates and a comparable affinity for the sense and antisense transcripts of a cDNA clone (32) . unr and mRNP4, however, differ by their affinities for simple polymers (this study and (32) ) a criterion which has been used to classify RNA binding proteins (40) . One stricking characteristics of unr/RNA interactions is their extreme sensitivity to magnesium ions. A comparable behavior has previously been reported for the Anemia salinis polyA binding protein (41) . Although magnesium could act on unr/RNA interactions at several levels, its ability to stabilize secondary structures within RNA molecules by coordinating two phosphates' 42 ' is likely to play an important role. Indeed, even in the absence of magnesium, unr has a low affinity for structured substrates whether double-stranded molecules of simple or complex sequences, or tRNA. In contrast, in the absence of magnesium, mRNP4 is able to bind to these substrates with an affinity only slightly lower than that for single-stranded molecules (H. J.-S. and F. D., unpublished results). However, as previously reported, this affinity for structured substrates is much reduced in the presence of 2mM magnesium (32) , suggesting that mRNP4 cannot tolerate a further compaction of these structures. RNA molecules in solution are highly structured and it becomes increasingly clear that the sequence specificity of RNA/protein interactions is often mediated by structural determinants' 43 ~4 5 '. Our studies with unr indicate that its lack of affinity for structured molecules is likely to restrict its interactions in vivo to the less structured mRNAs.
In the cytoplasm, mRNAs are associated with proteins, most of which have not been characterized yet. These proteins are likely to participate to the control of the different aspects of mRNA metabolism including localization' 46 ', translation* 47 ' and degradation' 48 '. The observation that part of unr cofractionates and colocalizes with the endoplasmic reticulum is most easily interpreted by assuming that unr is associated with actively translated mRNAs and in particular with some of those which encode secreted proteins. This is supported by preliminary studies which revealed the presence of unr in heavy polyribosomes (G. T., H. J.-S. and F. D. unpublished results). This clearly differenciates unr from the members of the Y box factors whose function in mRNA metabolism has been studied. mRNP4 is expressed at a high level in Xenopus oocytes where it is a constituent of the the maternal RNA storage particles in the cytoplasm' 26 ' 28 -49 '. It is involved in masking mRNA from the translation machinery and dissociation of mRNP4 from the mRNAs is a prerequisite for translation' 50 '. Similarly, MSY1, is principally expressed in the testis and is associated with stored mRNAs which are translated at the end of the differentiation program after the cessation of transcription" 9 '.
By its structure with five cold shock domains, unr differs from the Y box factors. Our results indicate that differences also exist in the pattern of nucleic acids interactions. The marked preference of unr for single-stranded nucleic acids and its cytoplasmic localization are indicative of a role in mRNA metabolism. Moreover, its partial association with the endoplasmic reticulum favors a role of unr in translation that we are presently investigating.
